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METHOD FOR ACCELERATING OIL WELL CONSTRUCTION 
AND PRODUCTION PROCESSES AND HEATING DEVICE THEREFOR 

Background 

[0001] This disclosure relates to a method for providing localized heating in an oil 
well at precise depths to accomplish or expedite specific objectives. The disclosure also 
relates to the use of a heating tool which can be lowered into an oil well to apply heat at a 
precise depth to achieve a desired result. The specific objectives may include localized 
heating of a fresh cement slurry or other sealant having a similar purpose to accelerate 
curing, or localized heating of recently emplaced chemicals which are formulated to be 
thermally activated. One purpose of such chemicals is to viscosify or increase in gel 
strength after being pumped into an oil well production zone, in order to restrict the 
production of unwanted formation fluids such as water. 

[0002] Current techniques for cementing steel or other casing in a borehole during oil 
well construction involve emplacing a fluid cement slurry between the casing and the 
borehole, after which the cement slurry is allowed to set up or cure to become hard as 
rock. The cement provides a bond between the casing and the surrounding rock 
formation. The curing of the cement requires a waiting period which necessarily 
increases the total time required to construct the well. It is commonly known that the 
time required for the curing process decreases if the temperature of the cement slurry is 
increased. Also, to minimize construction cost it is preferred to minimize the time 
required for the cement to cure. Currently, any heating to accelerate the curing of the 
cement slurry is provided by the natural surrounding environment as well as the heat 
generated by the exothermic reactions involved in the cement curing process. 
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Accordingly, it would be desirable to provide a tool to effect an increase in cement slurry 
temperature to accelerate the curing of the cement slurry. 

[0003] During the production phase of an oil or gas well, some amount of water may 
also be produced, which is usually not desirable since the water has no market value. In 
some wells, the fraction of water produced, relative to the desired fluids, is so great that it 
impairs well profitability, such that conformance treatments, also known as water shut- 
off treatments, are performed on the well. Conformance chemicals are fluids designed to 
react or interact with formation rock and/or formation fluids in such manner that they 
reduce or eliminate the rate at which water is produced. It would be desirable to emplace 
such conformance chemicals at particular depth locations at or near the rock formations 
from which oil and/or gas is produced and then to thermally activate such conformance 
chemicals. 

[0004] Downhole heating tools used to provide localized heat at perforation locations 
in producing oil wells. The heating tool increases the temperature of the produced oil 
which results in an increase in flow rate through the perforations due to a consequent 
decrease in viscosity of the produced oil. 

[0005] Therefore, what is needed is a heating tool and a method for using a heating 
tool to reduce the curing time of a cement slurry or other sealant having a similar purpose 
and to heat conformance chemicals that are designed to be thermally activated. 

Brief Description of the Drawings 
[0006] Fig. 1 is a schematic view of a downhole heating tool apparatus according to 
an embodiment of the present invention, shown in a vertical well bore. 
[0007] Fig. 2 is a schematic view of a downhole heating tool apparatus according to 
an embodiment of the present invention, shown in a vertical well bore. 

Detailed Description 
Cement and Sealant Applications 

[0008] The method of this embodiment may be utilized to facilitate the cementing or 
other means of sealing casing to the bore hole wall in a well. Referring to Fig. 1, a 
heating tool 12 according to an embodiment of the present invention is shown lowered 
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into an underground, substantially vertically-extending, well bore 10 that penetrates a 
hydrocarbon producing subterranean formation 14. A casing 16 extends from the ground 
surface 18 into the well bore 10. As shown in Fig. 1, an unset sealant such as a cement 
slurry 20 including a lead cement portion 22 and a tail cement portion 24, is emplaced in 
the annulus 26 between the casing 16 and the formation 14. 

[0009] The heating tool 12 is connected by electric cable 28 to an electric power 
supply control station 30. A suitable heating tool for this purpose is disclosed in U.S. 
Patent No. 6,384,389 and U.S. Patent Publication No. 2002/0158064, the entire 
disclosures of which are hereby incorporated herein by reference. 
[0010] Preferably, the heating tool 12 is lowered into the well bore 10 to a preferred 
location which, in the case of cement, is usually the tail cement portion 24 at the bottom 
32 of the well bore 10. 

[0011] A variety of sealants can be used with the present embodiment, including 
cements, cements combined with latex, cements combined with resin and resins. 
[0012] A cementing composition for sealing a subterranean zone penetrated by a well 
bore according to the present embodiment comprises a mixture of cementitious material 
("cement") and sufficient water to form a slurry. Suitable cements may include calcium, 
aluminum, silicon, oxygen, and/or sulfur, which set and harden by reaction with water 
("hydraulic cements"). Such hydraulic cements include Portland cements, pozzolan 
cements, gypsum cements, aluminous cements, silica cements, and alkaline cements. 
Portland cements of the type defined and described in API Specification 10, 5 th Edition, 
July 1, 1990, of the American Petroleum Institute (the entire disclosure of which is 
hereby incorporated as if reproduced in its entirety) are preferred. API Portland cements 
include Classes A, B, C, G, and H, of which API Class G is particularly preferred for the 
present embodiment. Another suitable cementitious material includes MgO cements. It 
is understood that the desired amount of cement is dependent on the volume required for 
the cementing operation. Alternatively, the cement can be microfine cement, such as is 
available from Dyckerhoff GmBH, Lengerich, Germany, under the trademark 
"MICRODURRU." 

[0013] The water used to form a cement slurry is present in an amount sufficient to 
make the slurry pumpable for introduction down hole. The water used to form a cement 
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slurry in the present embodiment can be fresh water, unsaturated salt solution, including 
brines and seawater, and saturated salt solution. Generally, any type of water can be 
used, provided that it does not contain an excess of compounds well known to those 
skilled in the art, that adversely affect properties of the cement slurry. The water is 
present in a range of about 25-98 mass percent of the cement slurry, and more preferably 
in an amount of about 38 mass percent of the cement slurry. 

[0014] As noted above, the cement slurry may also include other materials to enhance 
the sealing capability of the cement slurry. Generally, such materials may include latexes 
and resins. 

[0015] Suitable commercially available latexes, most of which are synthetic, include 
styrene butadiene copolymer latex and nitrile latex which are commercially available 
from Reichhold Chemicals, Inc., Research Triangle Park, NC under the trade name 
Tylac®, styrene butadiene acrylonitrile copolymer latex which is commercially available 
from Reichhold Chemicals, Inc., Research Triangle Park, NC under the trade name 
SNAP®, vinyl acetate homopoiymer latex, vinyl acetate acrylate copolymer latex and 
carboxylated styrene-butadiene copolymer latex which are commercially available from 
Reichhold Chemicals, Inc., Research Triangle Park, NC under the trade name 
Synthemul® and carboxylated acrylic copolymer latex which is commercially available 
from Reichhold Chemicals, Inc., Research Triangle Park, NC under the trade name 
Tychem®. Other suitable latexes include products that are available from Halliburton 
Energy Services, Inc. under the trade name Latex 2000®, which is a styrene-butadiene 
copolymer, and LAP1®, which is a partially hydrolyzed polyvinyl acetate isolated in the 
process of synthesizing latex, and other latex-based compounds. 

[0016] Suitable commercially available resins, include epoxy resins that are 
condensation products of epichlorohydrin and bisphenol A which are commercially 
available from Shell Chemical Company under the trade name Epon Resin 828®, Epi- 
Rez-3510-W-60®, and Epi-Rez-5003-W-55®. Another suitable epoxy resin is 
commercially available from Halliburton Energy Services, Inc. under the trade name 
Stratalock®. 

[0017] Other sealants for sealing a subterranean zone include epoxy resins with an 
attendant hardener plus filler additives such as silica flour. Another suitable sealant is 
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commercially available from Halliburton Energy Services, Inc. under the trade name 
"Hydromite" which is a combination of gypsum cement and melamine resin. As will be 
understood, melamine resin has at its base the organic chemical compound, melamine, 
C 3 H 6 N 6 , which is a white crystalline material commonly used as a base for making 
plastics. 

[0018] It will be understood that the latex and resin materials may be used alone or 
can be combined with a suitable cement material as mentioned above. The formulation 
of such sealants can be designed so that an increase in temperature accelerates the curing 
rate of such sealants. Such design of the sealants enables their curing rates to be 
accelerated by the use of a suitable heating tool as discussed above. 
[0019] The heating tool 12 influences the temperature of the curing sealant at the tool 
location. An increase in the sealant temperature accelerates the curing or setting of the 
sealant. Heat from the heating tool 12 has been shown to radiate horizontally from the 
tool 12 but not vertically. Thus, precise placement of the heating tool 12 permits 
selective curing or setting of sealants with the ability to flush or produce back to the 
surface any uncured or unset sealant material. In the absence of the heating tool 12 of 
this embodiment, the temperature of the sealant is governed by the surrounding 
environment and the heat generated by the chemical reactions in the sealant. 
[0020] Methods of this embodiment for sealing a subterranean zone include preparing 
a sealing composition as described herein, placing the sealing composition into the 
subterranean zone and heating the sealing composition to accelerate the setting of the 
sealing composition. According to preferred methods, the sealing composition is placed 
in the subterranean zone by pumping the sealing composition through a drill string and 
bit, circulating excess material out of the subterranean zone and removing the drill string 
and bit from the subterranean zone prior to heating the sealing composition. According 
to other preferred methods, a heating tool as described above is lowered into the 
subterranean zone to heat the sealing composition. 

Conformance Applications 

[0021] The method of this embodiment may be utilized to thermally activate 
conformance chemicals. According to this embodiment, conformance chemicals are first 
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pumped into perforation locations through which it is intended that oil and/or gas is 
produced but which only produces water. The conformance chemicals are incorporated 
in conformance fluids so that at elevated temperatures, the viscosity or gel strength of 
such conformance fluids increases permanently and substantially, by orders of 
magnitude, for instance, thereby to prevent any further flow of water into the well 
through such perforations. 

[0022] Referring to Fig. 2, in conventional conformance treatments, a heating tool 
112 according to an embodiment of the present invention is shown lowered into an 
underground, substantially vertically-extending, well bore 110 that penetrates a 
hydrocarbon producing subterranean formation 114. Typically, production casing 116 
extends from the ground surface 1 18 into the well bore 1 10. 

[0023] The heating tool 112 is connected by electric cable 120 to an electric power 
supply control station 122. A suitable heating tool for this purpose is disclosed in U.S. 
Patent No. 6,384,389 and U.S. Patent Publication No. 2002/0158064, the entire 
disclosures of which are hereby incorporated herein by reference. 

[0024] According to this embodiment, conformance fluids 124 including 
conformance chemicals are pumped through the perforations 126 and into the permeable 
rock at prescribed depths, such depths being locations of unwanted water production 128. 
The conformance chemicals are fluid when pumped in, and, in time, viscosify or increase 
in gel strength, or harden or solidify in some manner so as to prevent further flow of 
water 128 through perforations 126. The reaction generally occurs in the region near and 
around the wellbore, and the reaction rate causing these rheological changes is influenced 
in part by the temperature of the surrounding environment. Generally, the higher the 
temperature, the faster the reaction. 

[0025] Accordingly, the heating tool 1 12 is preferably lowered into the wellbore 110 
to the location at which the conformance chemicals 124 are emplaced, after which the 
tool is energized. Preferably the conformance chemicals 124 are designed to activate or 
viscosify more rapidly at higher temperatures. The heating provided by the tool 112 
thereby accelerates the process and reduces the time required to complete the 
conformance process by setting the conformance chemical product. Heat from the 
heating tool 112 has been shown to radiate horizontally from the tool 112 but not 
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vertically. Thus, precise placement of the heating tool 112 permits selective setting of 
conformance chemicals with the ability to flush or produce back to the surface any unset 
material. In this context, the term "setting" means substantially increasing the viscosity 
or gel strength of fluids designed to become more viscous soon after one or both of 
progressing through casing perforations and permeating into rock pore space. 
[0026] Conformance compositions are designed so that elevated temperatures 
increase the rate of acceleration of the viscosity of the conformance compositions so as to 
prevent unwanted cross-flow of rock formation fluids in which fluids from one rock 
formation channel through the wellbore outside the casing to another rock formation by 
virtue of a pressure difference between the two rock formations. An example of such 
undesired cross-flow of rock formation fluids is when water which has no commercial 
value channels in this manner to contaminate hydrocarbon-bearing zones and thereby be 
produced at the surface instead of the commercially valuable hydrocarbon. 
[0027] Examples of such conformance chemicals include, but are not limited to: 
monomers, non-crosslinked polymers, resins, crosslinked polymers, fine-particle cement, 
conventional cement when the cavity to be filled is sufficiently large, for example, 
cavities having a volume of 4 or 5 cubic feet or more, silicates and MgO cement. 
[0028] A suitable conformance monomer is acrylamide, and its attendant polymer 
polyacrylamide. Such monomers and polymers are commercially available from 
Halliburton Energy Services, Inc. and are employed in Halliburton's K-Trol Service,® in 
which they are pumped down a well into a water-bearing formation together with a 
suitable crosslinking agent such as sodium persulfate. The crosslinking reaction, which 
essentially turns the liquid mixture into a homogeneous semi-solid, takes place in situ, 
and temperature is a key determinant of the rate at which the crosslinking reaction takes 
place. An increase in temperature accelerates the reaction. 

[0029] Another suitable monomer is a polymerizable hydroxy unsaturated carbonyl, 
which can be crosslinked by reaction with an alkali-metal persulfate. The polymerizable 
hydroxy unsaturated carbonyl and the alkali-metal persulfate are commercially available 
from Halliburton Energy Services, Inc. and are used in Halliburton's PermSeal® 
conformance service. 
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[0030] In addition to the monomers and polymers mentioned above, resins and 
similar chemicals may also be used to accomplish the same purpose. Suitable resins for 
this purpose include epoxy-resin products commercially available from Shell Chemical 
Company under the trade names Epon Resin 828®, Epi-Rez-3510-W-60®, and Epi-Rez- 
5003-W-55®, and an epoxy resin commercially available from Halliburton Energy 
Services, Inc. under the trade name Stratalock®. 

[0031] A suitable fine-particle cement is commercially available from Halliburton 
Energy Services, Inc. under the trade name Micro-Matrix® cement. Micro-Matrix® 
cement has a typical particle size of less than one tenth that of conventional cement and 
can permeate rock pores of any diameter exceeding 50 microns. Those of ordinary skill 
in the art will understand that the conformance composition may also include other 
desirable components such as catalysts and activating agents to enhance the intended 
increase in viscosity. 

[0032] Methods of this embodiment for performing conformance operations in a 
subterranean zone include preparing a conformance composition for inhibiting the 
production of water as described herein, placing the conformance composition into the 
subterranean zone adjacent a location of water production and heating the conformance 
composition to accelerate the setting or to increase the viscosity of the conformance 
composition. 

[0033] Although only a few exemplary embodiments of this invention have been 
described in detail above, those skilled in the art will readily appreciate that many 
modifications are possible in the exemplary embodiments without materially departing 
from the novel teachings and advantages of this invention. Accordingly, all such 
modifications are intended to be included within the scope of this invention as defined in 
the following claims. 
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